Abstract The hemorrhagic diseases are characterized by bleeding which can vary considerably according to their severity.
Introduction
Hemostasis maintains fluidity of the blood not allows bleeding or thrombosis [1] . A bleeding disorder usually happens when there is defective hemostasis, meaning that clotting is compromised [2] .
Bleeding disorders can be hereditary or acquired. They are characterized by bleedings of varying intensity related to hematologic diseases or systemic situations [1] . Von Willebrand disease (VWD) is the most frequent hereditary hemorrhagic disease and its prevalence varies between 0.8 and 2 % in the population, according to studies of population screening [3] . The prevalence of clinically significant disease is probably closer to 1:1000, being an extremely heterogeneous and complex disorder that is related to deficiency in concentration, structure or function of von Willebrand factor (VWF) [4] .
VWF is a multimeric glycoprotein structure, synthesized by endothelial cells in Weibel-Palade bodies and megakaryocytes, it's found in plasma and in the platelets. [5] .
VWF is formed by identical sub-units, which have binding sites for both platelet glycoproteins and collagen [6] .
VWF links the platelets to the lesioned subendothelium through its binding to the collagen, this is the function of VWF in the platelet adhesion which triggers the activation of the platelets with consequent aggregation. Another important function is the binding to the plasmatic FVIII, this binding prevents the degradation of the FVIII and extends the plasmatic half-life [3] .
In 1926, Erich von Willebrand described the hereditary form of VWD for the first time. At the time, the hypothesis sustained that it was a problem in platelet function or a vascular modification [7] . Years later, it was found that a mutation in the gene responsible for the coding of VWF occurs and it is located in the chromosome 12 short arm [1] . An update classification system has been proposed in 2006, from then the VWD was classified into three major categories: type 1, partial deficiency in VWF concentration; type 2, qualitative defects in VWF's molecule and it is sub-divided into 2A, 2B, 2M, 2N; and type 3, that shows total deficiency in the concentration of VWF [8] .
The qualitative defects sub-divided into four types are described as: type 2A, a variant with altered platelet function and is associated with the loss of VWF high molecular weight multimers; in type 2B, VWF has more affinity to the platelet membrane's receptor Ib; the type 2M shows alterations in the platelet function without being associated to the loss of high molecular weight multimers; and the type 2N has a smaller affinity to FVIII [9] .
The type 2B is responsible for less than 5 % of VWD cases [10] . In these cases, the mutations in a single amino acid in the gene A1 domain result in an increase of the von Willebrand factor binding to the GP-lb platelet receptors, causing the increase in the depuration of platelets and the loss of high molecular weight multimers [10] .
In the disease's type 3, there's a complete deficiency of VWF, with a reduction in FVIII, which causes severe clinical symptoms [11] . Some patients with type 3 develop alloantibodies against VWF, because of several infusions with the factor concentrates, causing the lack of response to the infusion treatment, including the possibility of allergic reactions, becoming life threatening by anaphylactic reactions [3] .
Although it is the most frequent hereditary coagulopathy, usually it is not recognized because the type 1 has a larger frequency and causes discrete clinical manifestation [12] . The laboratory diagnosis of VWD is complex, and demands patience and perseverance from the doctor and the patient [3] . There's the possibility that some tests show normal results, therefore specific exams that evaluate the function and VWF and FVIII levels are needed [13] .
Mild cases are usually asymptomatic and cause superficial bleedings on the skin or mucous membranes [7] . Yet, in most serious cases, the patient might show bruising, hemarthrosis and positive family history [9] .
The occurrence of bleedings in soft tissues and hemarthrosis is rare in VWD, except in type 3 [14] . In patients with skin and mucous membrane bleeding, positive family history and exams that prove quantitative or qualitative defect of VWF, the diagnosis is closed.
A large number of mutations within VWF gene have now been identified. Previous definitions of VWD required the presence of VWF gene mutations. However, because of the genetic complexity of VWD and the practical considerations of VWF gene sequencing is most clinical setting, a VWF gene mutation is no longer included in the criteria for the diagnosis of VWD. These findings form the basis for the simplified classification of VWD that is outlined in Table 1 [8] .
Laboratorial analysis can be divided in screening tests, confirmatory tests and specialized tests [12] .
Screening Tests
These tests are characterized by the detection of existing alterations in both primary hemostasis and coagulation cascade [15] . Among them, there are: the bleeding time (BT), activated partial thromboplastin time (aPTT) and platelets count (PC). These exams might be normal and, individually, they might not suggest the diagnosis of VWD [16] .
Although the BT is used in the platelet function, there are doubts related to the test, one of them concerning the broad reference caused by different races, ages and different areas all over the world, resulting in the need to determine a normal BT for each geographic region [17] . There is a test of the primary hemostasis that uses the Ivy method. When it's too long, it suggests a qualitative or quantitative platelet abnormality, a platelet communication defect with vessels or a primary vascular disease [15] . The Ivy method requires the use of a sphygmomanometer, which is placed on the patient's forearm. A constant pressure of 40 mmHg is applied during the whole test. Later, an incision is performed with a proper lancet on an area with no superficial veins on the inside section of the lower part of the forearm. After the incision, the chronometer is activated. The excess of blood is cleaned every 30 s with filter paper. The time from when the incision is made until the end of the bleeding is the BT value and it varies from 2 to 9 min [17] . The BT presents low reproducibility and diagnostic yield among the published studies [18] .
The aPTT is used for the evaluation of most coagulation factors (among them there are the factors XII, XI, IX, VIII, X, V, II, I, HK e PK). When the time is long, it might indicate deficiency of some coagulation factors or the presence of inhibitors, such as some medicines [19] . The aPTT is a reflex of the plasmatic levels of the coagulant FVIII, which might be normal or prolonged [20] .
The PC and the platelet evaluation on slides is fundamental to evaluate patients with diseases affecting the platelets, and it is useful to perform an internal control in the quality of automated counts [21] . The result of the PC is usually normal, but in patients with the type 2B, thrombocytopenia might be observed [13] . The most recent method has been proposed by ISLH (International Society for Laboratory Hematology) as the new reference method using specific fluorescent monoclonal antibodies against the superficial glycoproteins from the platelet membranes observed by flow cytometry. The only available haematological equipment that offers this technology is the CellDyn 4000 or Cell-Dyn Sapphire (Abbott Diagnostics) [21] .
In clinical practice, the screening shows low reproducibility and performance and this makes it difficult to evaluate platelet function inherited disorders, thus, new tests were developed aiming to identify patients with bleeding diseases more quickly and efficiently [18] .
Confirmatory Tests
The confirmatory tests are the most specific laboratory exams to diagnose the disease. They are; the evaluation of VWF function though the ristocetin cofactor assay (VWF:RCo), VWF protein concentration immunoassay (VWF:Ag), the FVIII coagulation assay (FVIII:C) and VWF binding to immobilized collagen (VWF:CB). It is recommended that these tests are taken twice, with the aim of excluding or confirming VWD diagnosis [3] .
The purpose of the FVIII:C test is to evaluate VWF's predisposition to bind to the FVIII and to keep its level in the circulation. If the sample collection and processing are not performed properly, according to the Standard Operational Procedure of the laboratory (SOP) there could be false positives, that in the case of FVIII:C, are justified by the instability of the FVIII [12] . Usually, the levels of the coagulant FVIII are proportional to the levels of VWF [13] .
The test VWF:Ag is based on ELISA and uses antibodies against the protein with the aim of measuring it's total quantity in the plasma. As there is respectively, a partial and a total deficiency in the amount of VWF in types 1 and 3, the levels of VWF:Ag will be low in these cases and normal or limiting in cases of type 2. However, this result cannot measure VWF's functionality, for this purpose, the test VWF:RCo should be performed [3] .
As the factors VIII and Von Willebrand are acute phase proteins, that are raised in inflammatory cases, during pregnancy, stress, physical exercise, among others, its dosage in these conditions could mask the diagnosis [1] .
The severity of the bleedings is related to the reduction degree of VWF:RCo and FVIII [14] . The ristocetin is an antibiotic that causes an interaction of VWF to the platelets resulting in a platelet aggregation and shows the functional activity of VWF [20] . The concentration of ristocetin must be elevated in relation to VWF to assure a higher stimulation [3] .
The ristocetin cofactor assay (VWF:RCo) is considered the most specific test related to platelet function and might be decreased even in mild cases of the disease [16] . The capacity of the plasmatic VWF to aggregate the platelets in the presence of ristocetin is the most specific way to detect the VWD [7] .
The test that determines VWF:RCo uses diluted plasma in different concentrations and in standardized amounts of ristocetin and platelets. After that, a comparison between the reference plasma and that of the patient is performed, in all types of VWD the result must be low [12] . The ristocetin cofactor assay (VWF:RCo) became the most specific test to evaluate the platelet function and can be decreased even in mild cases of the disease [16] . Ristocetin cofactor activity is generally decreased coordinately with VWF:Ag and factor VIII in type 1 VWD patients. VWF:RCo-to-VWF:Ag ratio has been proposed as means to distinguish between type 1 and type 2 VWD, with a ratio of VWF:RCo-to-VWF:Ag \0.7 indicative of a qualitative (type 2) VWF defect. However, in patients with very low VWF:Ag levels, this ratio may not be reliable because of the limits of sensitivity of most VWF:RCo assays [8] .
The test of binding capacity of VWF binding to immobilized collagen (VWF:CB) using the immunoenzymatic assay (ELISA), might be considered a test that evaluates the binding capacity of VWF to the collagen as much quantitatively as qualitatively, mainly, the high molecular weight multimers. Usually, VWF:CB is reduced in all types of VWD, being either a qualitative or a quantitative defect [13] .
Specialized Tests
The special tests are the ristocetin-induced platelet aggregation (RIPA), VWF multimers patterns, FVIII binding of immobilized VWF (VWF:FVIIIB), botrocetin inducedplatelet aggregation, VWF intraplatelet and VWF propeptide (VWFpp) [3] .
The platelet aggregation (PA) is used to evaluate the platelet function, once it allows the exploration, in vitro, of the different platelet activation pathways [22] . The aggregation method by turbidimetry or platelet rich plasma (PRP) is performed by the action of many agonists like adenosine diphosphate (ADP), collagen, arachidonic acid and adrenalin, and the result is measured by transmittance. According to the formation of platelet aggregates, the transmittance increases, the speed and intensity of the transmittance increase reflect the platelet function [23] .
Although this method is extensively studied and allows the use of different agonists in varied concentrations, it still has limitations related to the speed of test performance; proper analysis of the results is also required. Thereby, new tests are developed to enable the platelet aggregation interpretation to be simpler and adequate [24] .
The concept of the RIPA is to evaluate the propensity of different concentrations of ristocetin to aggregate platelets in the presence of VWF [13] . The ristocetin interacts with sequences flanking the A1 domain of VWF's molecules, inducing VWF binding to the glycoprotein GPIb in vitro [7] . Through the addition of the ristocetin to the platelet rich plasma, an evaluation of the affinity of VWF to the platelets in the patient's plasma is performed [12] .
Three concentrations between 0.5 and 1.5 mg/mL are used. In patients with type 3 VWD, RIPA is absent as the presence of VWF is necessary for platelet aggregation to occur. In patients with the type 1, depending on the level of VWF present in the plasma, aggregation might happen. In patients with the type 2, the absence of RIPA might happen at the concentration of 1.0 mg/mL and mild platelet aggregation at ristocetin levels of 1.0 mg/mL Patients with type 2B will have a greater response at the ristocetin concentration of 0.5 mg/mL [13] .
A platelet coagglutinin, platelet aggregation induced by botrocetin, is also found in Bothrops jararaca snake venom [25] . In the presence of VWF, this substance has the same features as ristocetin, however, the binding occurs among platelets and different residues of VWF's A1 domain. Generally, VWD variants that present a reduction in high molecular weight multimers, have a greater activity with the botrocetin than with the ristocetin [7] . VWF multimers patterns performed by agarose gel electrophoresis, enables the study of VWF structure, distinguishing the different types of the disease [12] . VWF multimers patterns have different sizes and therefore, have different migration patterns, enabling the identification of the types and subtypes of VWD [3] . It is possible to separate the multimers based on their molecular weight using a platelet lysate or isolated VWF. They are visualized by autoradiography after being incubated with anti-VWF antibodies marked with immunoperoxidase or alkaline phosphatase [7] .
In type 1, all multimers are present, however, in a reduced amount. In type 3, there is a reduction or even absence of multimers. On the other hand, in type 2, the large multimers are absent, except in the type 2M, which presents a similar pattern to type 1 [12] . The Fig. 1 shows VWF multimers patterns performed by agarose gel electrophoresis of plasma VWF from plasma of patients with various subtypes of VWD.
The laboratorial test that evaluates VWF intraplatelet enables, when combined with VWF multimers patterns, type 1 VWD to be classified. The binding capacity to FVIII (VWF:FVIIIB) provides the diagnosis of the subtype 2N of VWD, distinguishing it from a light or mild hemophilia [13] . Through the multimeric pattern characterization and composition of VWF subunits, the qualitative and quantitative analysis using Western immunoblotting is studied [26] . VWFpp assay is currently only available in a few reference laboratories or for research purposes. Figure 2 shows a flowchart proposed for VWD diagnosis. Following the given coordinates, it is possible to distinguish the type of the researched disease through laboratorial exams [3] . 
Conclusion
The laboratorial diagnosis of VWD has been considered difficult because usually it goes unnoticed, with mild symptoms and also because of its complexity of laboratorial proof, once there is the chance that some exams yield normal results. In a small laboratory, the routine tests used for screening of VWD are the BT, aPTT and PC. However, these tests standing alone, cannot confirm the disease diagnosis, once in some cases they show normal results. Thus, small and big laboratories, need more specific exams, for instance, ristocetin cofactor assay (VWF:RCo), VWF protein concentration immunoassay (VWF:Ag), VWF multimers patterns, FVIII binding of immobilized VWF (VWF:FVIIIB), RIPA and platelet aggregation induced by botrocentin. From the moment the diagnosis is confirmed, a proper treatment is sought aiming the elevation of plasmatic concentrations of the deficient protein in crisis or invasive procedures.
